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CAJ/XVIl/ 10
UPOV ORIGINAL: French

DATE: August 11, 1986

INTERNATIONAL UNION FOR THE PROTECTION OF NEW VARIETIES OF PLANTS
GENEVA

ADMINISTRATIVE AND LEGAL COMMITTEE

Seventeenth Session
Geneva, April 16 and 17, 1986

REPORT

adopted by the Committee

Opening of the Session

1. The Administrative and Legal Committee (hereinafter referred to as "the
Committee") held its seventeenth session on April 16 and 17, 1986. The list
of participants is given in Annex I to this document.

2. The session was opened by Mr. F. Espenhain (Denmark), Chairman of the
Committee, who welcomed the participants.

Adoption of the Agenda

3. The Committee adopted the agenda as given in document CAJ/XVII/1 subject
to the following:

(i) An item would be inserted for the adoption of the report on the six-
teenth session;

(ii) In connection with item 8 of the agenda, an exchange of views would
take place on the communication by the Swiss Federal Intellectual Property
Office reproduced in document CAJ/XVII/S8;

(iii) An exchange of views would take place under item 9 of the agenda on the
decision of December 13, 1985, of the Commission of the European Communities
relating to a proceeding under Article 85 of the EEC Treaty (IV/30.017--
Breeders' rights: roses), reproduced in document CAJ/XVII/6.
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Adoption of the Report on the Sixteenth Session

4. The Committee adopted the report on the sixteenth session as given in
document CAJ/XVI/8 Prov.

Intentions of Member States Regarding Amendment of National Plant Variety Pro-
tection Law

5. The representative of Belgium announced that it was proposed to modify the
Royal Decree defining the plant species for which a plant breeder's certificate
could be issued and fixing the period of protection for those species so as to
extend the rights to propagation with a view to planting for the purposes of
commercial production of fruit, ornamental plants or trees.

6. The representative of Denmark announced that discussions had commenced
with professional organizations in Denmark with a view to increasing fees.

7. The representative of Spain said that, as from January 1, 1986, fees had
been increased by 10 per cent.

8. Furthermore, a new Patent Law (No. 11/1986) had been adopted on March 20,
1986, and would enter into force on June 26, 1986. Under Article 5, plant
varieties that could benefit from plant variety protection, animal varieties
and essentially biological processes for the production of plants or animals
were excluded from patentability. Exclusion did not, however, apply to micro-
biological processes and the products of such processes. Under Article 143(3),

‘plant varieties benefitting from plant variety protection could not be the
. subject of a utility model. It would be recalled in this connection that plant

varieties benefitting from the protection regime established under the Law on
the Protection of New Plant Varieties had previously been excluded from pat-
entability by with Article 1 of the additional provisions to the said Law.

9. Finally, the representative of Spain briefly introduced an article enti-
tled "Nuevas variedades--su proteccién juridica en el ambito internacional,"
by C.G. Cabanellas published in the review Agricultura No. 643 of February
1986. The author showed that the FAO Undertaking on Plant Genetic Resources
and the UPOV Convention were not incompatible. It was decided that the Office
of the Union would translate the article and would distribute it to the members
of the Committee.

10. The information given on the new Patent Law gave rise to an exchange of
views. The representative of Spain confirmed to the representative of the
United States of America that, to simplify matters, amendment of the Law did

not change the situation with regard to plant varieties benefitting from plant
variety protection.

11. The representative of the Netherlands noted in that connection that the
new Law was similar to that of the Federal Republic of Germany and asked
whether the Spanish plant variety protection authorities intended to follow the
same policy as their counterparts in the Federal Republic of Germany, namely
to extend protection to each species for which a patent application was made.
The representative of Spain said that in such cases extension of protection
would be duly examined, taking into account all the circumstances. In that
respect, cooperation in the field of examination could be of great assistance,
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but for the moment it was confronted with the problem of the disproportion
between national fees and the amounts billed by other member States within the
framework of cooperation. Consideration was being given to amending the tariff
of fees so as to make the applicant pay the total amount.

12. The representative of France said that examination fees would be increased
by 2.5 per cent in July-August, in accordance with government directives and
taking into account the rise in prices. It was also proposed to revise the
other fees, which had remained unchanged since 1975, and to increase them by
10 to 15 per cent.

13. Referring to the report his colleague had made at the nineteenth ordinary
session of the Council in October 1985 (see paragraph 65 of document C/XIX/13),
the representative of Japan announced that the plan to set up a "Center for
Genetic Resources, Seeds and Seedlings" had been modified during formation of
the national budget for the period 1986/1987. Under the modified plan, the
Administration Center for Seeds and Seedlings would be set up in December and
would be composed of a headquarters at Tukuba, near Tokyo, and 15 State-owned
regional farms. The main functions of the Center would be the following:

(i) to carry out field examination for the purposes of plant variety pro-
tection;

(ii) to carry out various tests on seeds and seedlings placed on the market:
(iii) to produce and supply certain kinds of superior seeds and seedlings:

(iv) to undertake research with a view to introducing new technlques in the
administration of seeds and seedlings:

(v) to multiply the samples of genetic resources at the request of the gene
bank (which was a separate body from the Center).

14. The representative of New Zealand announced that it was hoped that the new
Plant Breeders' Rights Act would be adopted during the current year. The new
Act also provided for modification of fees.

15. The representative of the European Communities stated that there had been
no new developments in the Commission's activities concerning plant variety
protection.

Trends in Variety Creation Work and Intended Extension of Protection to New
Species

16. The representative of South Africa announced that it was proposed to
extend protection to a dozen species, mainly herbage species.

17. The representative of the Federal Republic of Germany announced that
during revision of plant variety protection legislation--on the basis of which
an instrument of ratification had been deposited on March 12, 1986--protection
had been extended to some further species.

18. The representative of Denmark announced that publication of the extension
of protection to triticale was imminent.
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19. The representative of Spain announced that it was proposed to extend pro-
tection to triticale.

20. The representative of France announced that it was proposed to extend

protection to a dozen species. An extension to oyster mushroom was also being
studied.

21. The representative of Ireland announced that protection had been extended
to 11 further species, so that all crops of importance for Irish agriculture
were presently covered by protection.

22. The representative of the United Kingdom announced that it was proposed
to extend protection to borage and meadow foam.

23. The representative of Switzerland said that no progress had been made in
the extension of protection proposed for over two years.

Biotechnologies and Plant Variety Protection

24. Evaluation of the Results of Discussions in Other Forums. Discussions
were based on document CAJ/XVII/2.

25. The Vice-Secretary General gave a summary of what had taken place since
October 1985 and drew attention to the main conclusion of the second session
of the WIPO Committee of Experts on Biotechnological Inventions and Industrial
Property, which had been held from February 3 to 7, 1986. According to para-
graph 64 of the report of the session (document BioT/CE/II/3), "with the ex-
ception of the Delegations of Ireland and of Japan and the representatives of
several non-governmental organizations, which expressed themselves in favor of
patent protection for all biotechnological inventions without exception, all
other government delegations which spoke on this matter said that the time was
not yet ripe for taking a decision on the question of abolishing the exclusion
of plant varieties, as well as the exclusion of animal varieties and essen-
tially biological processes, from patenting."

26. The Chairman pointed out that the report mentioned did not reflect the
discussions as a whole.

27. Report of the Biotechnology Subgroup. Discussions were based on document
CAJ/XVII/9.

28. The representative of the Federal Republic of Germany justified the pro-
posal he had made in the Subgroup, which is contained in paragraph 3 of docu-
ment CAJ/XVII/9, on the basis that the conclusions to be reached by the Sub-
group on the basis of the mandate originally defined would not allow any
progress to be made. He considered that, when the Subgroup had reached its
conclusions on the basis of the new mandate, it should be enlarged so as to
function like the former UPOV Committee of Experts on the Interpretation and
Revision of the Convention. In conclusion, he gave some explanations on what
the document to be drafted initially by the Office of the Union should contain.

29. The representative of the Netherlands proposed that paragraph 3(iii) of
document CAJ/XVII/9 should be worded as follows (the addition is underlined):
"... possibilities of application of general patent law to plant varieties, to
plants and to parts of plants and problems raised by such application.”
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30. Subject to that amendment, the new mandate of the Subgroup was adopted as
. appearing in paragraph 3 of document CAJ/XVII/S.

Variety Denominations

31. Discussions were based on documents UPOV/INF/10, CAJ/XVII/4 and
CAJ/XVII/T.

32. A brief exchange of views showed that certain member States did not (yet)
apply the Recommendations on Variety Denominations, for example due to the lack
of a legislative basis or because of the specific features of their language.
The utility of the Recommendations, or of such detailed recommendations, was
queried by the representative of Switzerland, and the representative of France
was in favor of their simplification and even of the deletion of certain rules.

33. The majority of the Committee agreed, however, that recommendations were
necessary as a common basis for decision for the authorities in member States
and also that they were of use to breeders.

34. The Vice-Secretary General expressed surprise at the call by certain
professional organizations for cancellation of the Recommendations: in other
fields, organizations demanded rules in order to be protected against any
exaggerated interpretation of applicable legal provisions that might be made
by the authorities. The representative of the Netherlands pointed out that
some of the arguments put forward by the organizations in fact spoke in favor
of keeping the Recommendations.

35. The representative of the European Communities said that the Communities
had not laid down detailed regulations concerning the coining of variety deno-—
minations. In the case of the catalogues of varieties licensed for sale, the
national legislations, based on the UPOV rules, were applicable. The Communi-
ties played an important role in the fields of seeds and competition, and they
had been satisfied so far with UPOV's harmonizing effect under Article 13 of
the Convention and its interpretative texts. However, it was obvious that if
that effect disappeared, the Communities would probably be obliged to assure
the succession. Breeders' attention should be drawn to that fact.

36. The Committee held a brief exchange of views on the re-use of a denomina-
tion. There appeared to be consensus on the fact that a denomination could not
be re-used when protection had been granted and the variety had been a commer-
cial failure, because it was mentioned in the files, appeared in reference
collections and gene banks, etc. The main problem was assessing the situation.
On the other hand, a denomination simply proposed in connection with an appli-
cation that had not been granted could be freely re-used. The Vice-Secretary
General emphasized in that respect that UPOV had already been the subject of
criticism by botanists who were dissatisfied with its generous attitude.

Scope of Protection

37. Discussions were based on documents CAJ/XVI/3 and CAJ/XVII/S.

38. The Chairman recalled that the Consultative Committee, at its thirty-third
session held on April 15, 1986, had accepted a proposal by the delegation of
the Federal Republic of Germany that an item should be included in the agenda
of that Committee's next session to allow an exchange of views on possibilities
for improving the Convention. The proposal had been based on the fact that
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developments in the field of plant breeding and seed production made such an
exchange of views opportune. In his view, discussion on the scope of protec-
tion fitted perfectly into the framework of the larger work program adopted by
the Consultative Committee.

39. At different stages in the discussion, reference was made to legal mea-
sures enabling an extension of protection to be obtained in fields where it was
necessary, while at the same time ensuring a certain level of harmonization.
Three solutions could be envisaged: revision of Article 5(1) of the Conven-
tion, a special agreement within the meaning of Article 29 of the Convention,
and a recommendation by the UPOV Council.

40. With regard to the revision of Article 5(1) of the Convention, the repre-
sentative of the Federal Republic of Germany considered that it should be
tried. The representative of the Netherlands considered that it provided the
best quarantee for concerted raising of the minimum level of protection; using
the opportunities afforded by Article 5(4) might lead to different levels of
protection.

41. Several delegations were nevertheless, to varying extents, opposed to
revision of Article 5(1). For example, the representative of France said that
the existence of different levels of protection was already a reality. He
thought that Article 5(4) should be used and supported the principle of a
recommendation by the Council. He hoped that the Council would have a draft
before it at its next session. The principle of a recommendation was also
endorsed by the representative of Belgium. Furthermore, doubts were raised
concerning the feasibility of revision of Article 5(1) with regard to the right
to save seeds, in particular by the representatives of Ireland (who pointed
out that that right was expressly provided in Irish law), Japan and Sweden.
With regard to protection of the final product, the representative of Denmark
said that it would not be possible in his country for the time being, but that
progress had nevertheless been made since the parties involved could now dis-
cuss the subject. The representative of the Netherlands emphasized that users
did not deny the breeder the right to remuneration, but were concerned about

the labelling of cut flowers; it was therefore necessary to find a solution
for imported flowers.

42. The Vice-Secretary General stressed that any raising of the minimum level
of protection would make it more difficult for States that were not yet members
to accede to the UPOV Convention.

43. The Chairman concluded that it was necessary., in the short term, to adopt
the solution of a recommendation by the Council, without excluding, in the long
term, amendment of Article 5 of the Convention.

44. With regard to the right to save seeds and similar situations, several
representatives emphasized that the problem had become an important one 1in
their countries. The representative of the Federal Republic of Germany drew
attention to the difficulty raised by the natural tendency of certain species,
such as strawberry or dahlia, to produce propagating material, as well as the
problem of verifying propagation by the producers for their own needs.

45. With regard to the protection of the final product, the representative of
France--where such protection had been provided for ornamental plants——
explained that its aim was not to allow the breeder to receive a flow of
license fees at the various stages of marketing. It did not even allow this
because the right was exhausted at the first stage of exploitation of the
variety in respect of all subsequent acts of normal exploitation (the right was
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restored, however, if a cut flower was used as a cutting, for example, for
commercial purposes). On the other hand, it permitted better defense of the
right granted (because the breeder could also act at the level of trade in
potted plants or cut flowers) and was a basis for receiving remuneration for
imported products and, as a whole, for giving licensees peaceful enjoyment of
the rights they had been granted.

46. Finally, the Committee decided to request the Office of the Union to draw

up a document containing a summary of the various situations to be examined and
a study of the possibility of making recommendations on the question.

Exchange of Views on the Decision in re Hibberd

47. Discussions were based on document CAJ/XVI/7.

48. The representative of the United States of America explained the facts and
legal conclusions in in re Hibberd. To summarize, the decision by the US
Board of Patent Appeals and Interferences of the Patent and Trademark Office
allowed the patenting of plants under the General (Utility) Patent Code, even
where they could be protected under the Plant Patent Law or the Plant Variety
Protection Act. The Board was the highest administrative tribunal competent
in the field of patentability and Patent and Trademark Office practice had
conformed to its decision. The latter was nevertheless subject to revision by
the judicial authorities, in particular, if an action for infringement of the
patent was brought before it.

49. The representative of the United States of America then stated his opinion

that the in re Hibberd decision was in conformity with the UPOV Convention .

since the United States of America had taken advantage of Article 37 of the
Convention when it had deposited its instrument of acceptance. The represen-
tative of Japan emphasized, and the Committee agreed, that the in re Hibberd
decision did not constitute a precedent automatically applicable in other
countries since the United States of America was the only country to which
Article 37 applied.

50. In reply to a request by the Vice-Secretary General, who had noted that
the in re Hibberd decision was difficult to assess without knowing the techni-
cal background, the representative of the United States of America said that
he would provide the Office of the Union with the complete documentation as
soon as the patent had been issued and the file had become open to public
inspection. [The documentation appears in Annex II to this document.]

Communication by the Swiss Federal Intellectual Property Office

51. Discussions were based on document CAJ/XVII/S.

52. The representative of Switzerland said that the communication came from
the Director of the Federal Intellectual Property Office, who had chaired a
number of WIPO meetings dealing with inventions in the field of biology. It
was highly probable that WIPO's work in that field, together with the decisions
in re Chakrabarty and in re Hibberd in the United States of America, as well
as the decision of the Technical Appeal Chamber 3.3.1 of the European Patent
Office in re Ciba-Geigy AG Basle, had influenced the drafting of the text. The
latter simply described the new directives given to patent examiners and it was
not of a legislative nature. However, it could not be denied that it had
indirect effects. It gave rise to hopes on the part of inventors who filed
patent applications, but those hopes might be shown to be unjustified since the



CaJ/XVII/10
page 8

patents granted could be subsequently invalidated by the courts. In addition,
the text could be cited and used as a principle in doctrine.

53. The Plant Variety Protection Office had been consulted on a draft, but it
had only been allowed one week to submit its comments. It did not have any
objection to the principle since the communication did not concern plant vari-
eties as such and since the objective of authorities responsible for one aspect
of intellectual property should be to promote the development of protection of
that property as a whole. It was nevertheless noted that the communication,
in certain respects, went beyond the intentions of the legislator as set out
in the Message of the Federal Council to the Federal Assembly concerning three
patent treaties and the revision of the Patent Law (of March 24, 1976).
Finally, the representative of Switzerland expressed regret that, in the short
time allowed, it had not been possible to consult botanists, which seemed to
be a necessity as the communication had not come from a biologist.

54. In that connection, the representative of Japan expressed doubt on the
exactitude of the words '"structural elements that may not be regenerated into
whole plants such as cell lines, modified cells, genes, plasmids, etc." at the
end of paragraph 3.2. He also expressed concern at the possibility of claiming
whole plants or their propagating material if no variety was specified for the
aim of the owner of a patent containing such a claim was to transform the plant
material claimed into marketable varieties and to control their marketing.

55. Similar comments were made by the Vice-Secretary General and the repre-
sentative of the Netherlands. The former emphasized that the basic problem was
the relationship between plants and varieties and he doubted whether exclusion
could be circumvented by a mere change in terminology. He also expressed con-
cern at the possibility that had apparently been opened up to a breeder to whom
a plant variety certificate had been refused because of lack of homogeneity to
cite that in order to obtain a patent. The second speaker said that the ques-
tion of terminology had also been discussed in the Netherlands, where some
people had considered that the exclusion of varieties from patentability did
not apply to genera and species. He had shown that such an argument was not
valid since species, for example, were made up of a number of varieties. The
discussions had not led to any conclusion, however.

56. From the legal point of view, the Vice-Secretary General pointed out that
the communication was based on the principle that an exception should '"be
interpreted restrictively." He emphasized that the interpretation of legal
texts was also based on other far more important principles, such as that of
good faith, which implied the search for what the legislator had really wished
to state, or that of the useful effect, which presumed that the legislator had
wished to establish rules that were operational in practice.

Decision of the Commission of the European Communities Relating to Certain
Provisions of Licensing Agreements in Plant Variety Matters

57. Discussions were based on document CAJ/XVII/SG.

58. The decision was explained in detail by the representative of the European
Communities. He stated that it had become final since none of the parties con-
cerned had lodged an appeal. Furthermore, he said that he had received noti-
fication of the fact that the Court of Justice of the European Communities had
pronounced a Jjudgment in another case which invalidated in part the decision
of the Commission on the obligation not to challenge.
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59. The representative of France, referring to Article 85(3) of the EEC
Treaty, which permitted exceptions for agreements contributing to technical
progress, pointed out that true breeders contributed to technical progress.
However, innovative varieties necessarily lead to mutations which, if the legal
texts were strictly applied, could be freely exploited, and could thus deprive
the original breeder of a large part of his sources of remuneration. He
wondered whether the Commission's decision could be interpreted as an invita-
tion to study the solution of joint breeding.

60. The representative of the European Communities thought that such was the
case. What the Commission had found to be contrary to the law on competition
was the rupture of the equilibrium towards an exclusive right for the breeder
of the original wvariety.

Program for the Eighteenth Session of the Committee

61. Subject to any new matters that might arise, the agenda of the eighteenth
session of the Committee would include the following items:

(1) 1items already decided upon at the sixteenth session of the Committee,
i.e. minimum distances between varieties and lists of priorities in relation
to extension of protection (see paragraph 77 of document CAJ/XVI/8);

(ii) biotechnologies and plant variety protection;

(iii) wvariety denominations;

(iv) scope of protection.

Retirement

62. On behalf of the Committee, the Chairman thanked Mr. J. Grobler (South
Africa) for the work he had carried out in the Committee, and more generally

for the development of plant variety protection and UPQOV, and wished him a long
and happy retirement.

63. The Chairman also recalled that Mr. Halvor Skov (Denmark) had retired on
January 31, 1986.

64. This report has been adopted by
correspondence.

(Annexes follow]
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LIST OF PARTICIPANTS/LISTE DES PARTICIPANTS/
TEILNEHMERLISTE

I. MEMBER STATES/ETATS MEMBRES/VERBANDSSTAATEN

BELGIUM/BELGIQUE/BELGIEN

M. J. RIGOT, Ingénieur en chef, Directeur au Ministere de l'agriculture, Man-
hattan Center, 21, Avenue du Boulevard, 1210 Bruxelles

M. W.J.G. VAN ORMELINGEN, Ingénieur agronome du Ministere de l'agriculture, Man-
hattan Center, 21, Avenue du Boulevard, 1210 Bruxelles

DENMARK/DANEMARK/DAENEMARK

Mr. F. ESPENHAIN, Head of Office, Board for Plant Novelties, Tystofte,
4230 Skaelskor

FRANCE/FRANKREICH

M. - M. SIMON, Secrétaire général, Comité de la protection des obtentions végé-
tales, 11, rue Jean Nicot, 75007 Paris

Mlle N. BUSTIN, Secrétaire geénéral adjoint, Comité de la protection des obtentions
végetales, 11, rue Jean Nicot, 75007 Paris

GERMANY (FED. REP. OF)/ALLEMAGNE (REP. FED. D')/DEUTSCHLAND (BUNDESREPUBLIK)

Mr. W. BURR, Regierungsdirektor, Bundesministerium fur Ernahrung, Landwirtschaft
und Forsten, Rochusstrasse 1, 5300 Bonn

Mr. H. KUNHARDT, Leitender Regierungsdirektor, Bundessortenamt, Postfach 61 04 40,
3000 Hannover 61

IRELAND/IRLANDE/IRLAND

Mr. D. FEELEY, Department of Agriculture, Agriculture House, Kildare Street,
Dublin 2

ISRAEL

Mr. S. BERLAND, Legal Adviser, Ministry of Agriculture, 8 Dalet St., Tel Aviv,
Hakiria
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JAPAN/JAPON/JAPAN

Mr. M. KARIBAYA, Director, Seeds and Seedlings Division, Agricultural Production
Bureau, Ministry of Agriculture, Forestry and Fisheries, 1-2-1, Kasumigaseki,
Chiyoda-ku, Tokyo

Mr. N. INOUE, First Secretary, Permanent Mission of Japan, 10, avenue de Budé,
1202 Geneva, Switzerland

NETHERLANDS/PAYS—-BAS/NIEDERLANDE

Mr. M. HEUVER, Chairman, Board for Plant Breeders' Rights, Nudestraat 11,
6700 AC Wageningen

Mr. K.A. FIKKERT, Legal Adviser, Ministry of Agriculture and Fisheries, Bezuiden-
houtseweg 73, The Hague

Mr. H.D.M. VAN ARKEL, Secretary, Board for Plant Breeders' Rights, P.0O. Box 104.
6700 AC Wageningen

NEW ZEALAND/NCUVELLE-ZELANDE/NEUSEELAND

Mr. E.J. STONYER, Agricultural Adviser, 7, rue Leonard de Vinci, Paris, France

SOUTH AFRICA/AFRIQUE DU SUD/SUEDAFRIKA

Dr. J. GROBLER, Agricultural Counsellor, South African Embassy, Trafalgar Square,
London, WC2N 5DP, United Kingdom

SPAIN/ESPAGNE/SPANIEN

M. J.-M. ELENA ROSSELLO, Jefe del Registro de Variedades, Instituto Nacional de
Semillas y Plantas de Vivero, José Abascal 56, 28003 Madrid

SWEDEN/SUEDE/ SCHWEDEN

Mr. S. MEJEGAARD, President of Division of the Court of Appeal, Armfeltsgatan 4,
115 34 Stockholm

SWITZERLAND/SUISSE/SCHWEIZ

Dr. W. GFELLER, Leiter des Buros fur Sortenschutz, Bundesamt fur Landwirtschaft,
Mattenhofstrasse 5, 3003 Bern

Dr. S. PUERRO, Wissenschaftlicher Adjunkt, Bundesamt fur geistiges Eigentum,
Einsteinstr. 2, 3003 Bern
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UNITED KINGDOM/ROYAUME-UNI/VEREINIGTES KOENIGREICH

Ms.

Mr.

J.M. ALLFREY, Deputy Controller, Plant Variety Rights Office, White House
Lane, Huntingdon Road, Cambridge CB3 OLF

J. ROBERTS, Senior Executive Officer, Plant Variety RightsA Office, White
House Lane, Huntingdon Road, Cambridge CB3 OLF

UNITED STATES OF AMERICA/ETATS-UNIS D'AMERIQUE/VEREINIGTE STAATEN VON AMERIKA

Mr.

Mr.

S.D. SCHLOSSER, Attorney, Office of Legislation and International Affairs,
Patent and Trademark Office, Department of Commerce, Washington, D.C. 20231

W. SCHAPAUGH, Executive Vice President, American Seed Trade Association,
Executive Building - Suite 964, 1030, 15th Street, N.W., Washington, D.C.
20005

II. INTERGOVERNMENTAL ORGANIZATIONS/
ORGANISATIONS INTERGOUVERNEMENTALES/
ZWISCHENSTAATLICHE ORGANISATIONEN

EUROPEAN ECONOMIC COMMUNITY (EEC)/COMMUNAUTE ECONOMIQUE EURCPEENNE (CEE)/EUROPAE-

ISCHE WIRTSCHAFTSGEMEINSCHAFT (EWG)

M.

Mr.
Mr.

Dr.
Dr.
Dr.
Mr.
Mr.
Mr.

D.M.R. OBST, Administrateur principal, 200, rue de la Loi (Loi 84-7/9),
1049 Bruxelles, Belgique

III. COFFICERS/BUREAU/VORSITZ

F. ESPENHAIN, Chairman
M. SIMON, Vice—-Chairman

IV. OFFICE OF UPOV/BUREAU DE L'UPOV/BUERO DER UPOV

A. BOGSCH, Secretary-General

H. MAST, Vice Secretary-General

M.-H. THIELE-WITTIG, Senior Counsellor
A. HEITZ, Senior Officer

A. WHEELER, Senior Officer

M. TABATA, Associate Officer

[Annex II follows/
L'annexe II suit/
Anlage II folgt]
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United States Patent p9
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57} ABSTRACT

This invention is directed to the production of novel
plant genotypes or lines which produce increased free
tryptophan levels and are resistant to inhibition by ana-
logs which normally inhibit the activity of the enzyme
anthranilate synthase before alteration. This invention
further relates to genes encoding such enzymes, and to
processes for utilizing these novel genes and enzymes.
Further products of the invention inciude plants, plant
tissues and seeds which exhibit resistance to such ana-
logs and overproduce tryptophan resulting from ex-
pression of genes encoding analog resistant anthranilate
synthase enzyme.
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'TRYPTOPHAN OVERPRODUCER MUTANTS OF
CEREAL CROPS
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SUMMARY OF THE INVENTION
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DETAILED DESCRIPTION OF ONE EMBODI-
MENT OF THE INVENTION
Strategy for Selection of Tryptophan Overproducer
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producer Mutants
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Callus Culture Growth Inhibition by 5-Methyl-
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phan Resistant Cell Line
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Analysis of Free Trytophan
Anthranilate Synthase Assays
Plant Regeneration and Production of Seed
Plant Regeneration Protocol
Characterization Of Progeny Plants and Seeds
Analysis of Free Tryptophan
DEPOSIT OF SEEDS

FIELD OF THE INVENTION

This invention relates to novel piant genotypes or
lines, and in particular novel monocots and other cereal
crops, which produce increased levels of free trypto-
phan in callus cultures, plants, plant tissues and seeds.
Also described are the processes for development and
characterization of these novel genotypes. This trait is
genetically transmitted to progeny. These lines may be
used for human or animal consumption, or alterna-
tively, as a source from which tryptophan may be ex-
tracted.

BACKGROUND OF THE INVENTION
Tissue Culture of Maize

Irrespective of the plant species, there are a number
of common features that apply to most tissue culture
programs. The technique of cell and tissue culture has
been widely developed, and much work has been done
on growth, metabolism and differentiation of tissue
culture of dicotyledons (Yamada, 1977, in Plant Cell,
Tissue and Organ Culture, Reinert and Bajaj (eds.), pp.
144-159, Springer-Verlag, Berlin). However, successful
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tissue culture studies with monocotyledons (e.g., the
cereal crops such as maize, rye, barley, wheat, sorghum,
oats, millet and rice) leading to plant regeneration are
not as well documented. Success is frequently depen-
dent on choosing donor tissues for culture initiation
which come from plants of sppropriate genotype as
well as physiological and development states. Other
features which are also important include the organic
and inorganic composition of the-~rowth medium and
the physical environment in which the cultures are
grown.

In maize, the development of tissue cultures capable
of plant regeneration was accomplished after the identi-
fication of appropriate genotypes and donor tissues
(Green and Rhodes, 1982 in Maize for Biological Re-
search, W. F. Sheridan (ed.), pp. 367-371, Plant Molec-
ular Biology Association, Charlottesville, Va.). The
first method developed which yielded regenerated
plants from tissue cultures of maize used immature em-
bryos as donor tissues. With N6 or MS growth media
(defined below in Section 6) and a synthetic auxin, such
a8 2,4-dichlorophenoxyacetic acid (2,4-D), tissue cul-
tures develop rapidly from the scutellum of the em-
bryos. The resulting cultures are developmentaily het-
erogeneous and contain a variety of tissue types. Re-
moval of the 2,4D from the growth medium permits
these cultures to produce large numbers of regenerated
plants. Cultures of this type have proved capable of
regenerating plants for up to three years.

Another donor tissue from which regenerabie tissue
cultures of maize have been initiated are immature tas-
sels. This tissue is the male flower and as it matures it is
responsible for pollen production. Immature embryos,
influorescences, and the few other tissues in cereals
from which regenerating cultures have been initiated all
have the common characteristic of juvenility. Regener-
ated plants obtained from tissue cultures are grown to
maturity in a glasshouse, growth chamber, or field. The
progeny seed produced in crosses with regenerated
plants permits the evaluation of subsequent generations.
The basic tissue culture methods developed for corn
have been extended to many other cereal species.

It is now possible to reliably initiate cultures of corn
which have two important characteristics. One is that
the callus cultures are friable, meaning that they are soft
and loose in texture. This property is important because
cultures of this type exhibit rapid growth and it facili-
tates the initiation of suspension cell cultures. The other
valuable attribute of these friable cultures is their ability
to form very large numbers of somatic embryos. Micro-
scopic examination reveals the presence of many small,
organized structures on the surface of the callus. These
structures are young somatic embryos at various devel-
opmental stages. These friable cultures will retain their
embryogenic potential for as long as two years and have
shown the capacity to produce extremely large num-
bers of somatic embryos.

The somatic embryos in these friable calli develop to
maturity when the cultures are transferred to medium
containing 5 to 6 percent sucrose and no hormones.
After approximately two weeks of growth on this me-
dium, many embryos become quite mature. They germi-
nate rapidly and grow into plants when placed on MS
or N6 medium containing 2% sucrose. The plants can
then be established in soil and grown to maturity.

It is now well-documented that a high level of genetic
variability can be recovered from plant tissue culture.

LI
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Some of this variability is of agronomic importance.
Mutaats for disease resistance have been obtained in
sugarcane for Fiji disease, early and late blight in po-
tato, and southern corn leaf blight in maize. In rice,
maize, and wheat considerable variability for traits in-
herited as single genes of plant breeding interest have
been recovered, including those which control the time
of seed set and maturation, seed color and development,
plant height, plant morphology, and fertility.

Tissue cultures of maize have been used to recover
mutants for disease resistance and amino acid overpro-
duction as described below.

Texas male sterile cytoplasm (cms-T) genotypes of
maize are susceptible to the pathotoxin produced by the
fungus Heiminthosporium maydis race T, while normal
cytoplasm (N) genotypes are resistant (Gengenbach et
al., 977, Proc. Natl. Acad. Sci. U.S.A. 74: 5113-5117).
Similarly, tissue cultures obtained from cms-T geno-
types are susceptible to the pathotoxin while N geno-
type cultures are resistant. The pathotoxin from A.
maydis race T was used to select resistant cell lines from
susceptible cms-T cultures using a sublethal enrichment
selection procedure. After five cycles of increasing
selection pressure, cell lines were recovered which
were resistant to lethal levels of the pathotoxin. Plants
regenerated from these cell lines also were resistant to
the pathotoxin and were male-fertile. Genetic analysis
of progeny obtained from resistant, male-fertile plants
showed that both traits were maternally inherited. In-
fection of plants with H. maydis race T spores demon-
strated that selection for pathotoxin resistance also re-
sulted in resistance to the disease organism by plants.

Selection for resistance to growth inhibition by lysine
plus threonine in equimolar concentrations (LT) in
tissue cultures of maize yielded a stable resistant line,
LT19 (Hibberd and Green, 1982, Proc. Natl. Acad. Sci.
U.S.A. 79: 559-563). Genetic analysis of progeny of
plants regenerated from LT19 showed that LT resis-
tance was inherited as a single dominant nuclear gene.
Tissue cultures initiated from resistant embryos re-
quired 5-10 times higher levels of LT to inhibit growth
than did cultures from LT-sensitive embryos. LT resis-
tance in LT19 was expressed as reduced sensitivity of
root and shoot growth to the presence of LT. The free
pool of threonine was increased 6 times in cultures
initiated from immature embryos of LT-resistant plants,
and 75~100 times in kernels homozygous for LT19, as
compared to cultures and kernels from LT-sensitive
embryos and plants, respectively. Overproduction of
free threonine increased the total threonine content in
homozygous LT19 kernels by 33-59%. The results
demonstrate that LT resistance selected with tissue
cuiture methods was heritable and was expressed in
cultures, seedlings, and kernels.

Tryptophan Biosynthesis

The tryptophan biosynthetic pathway is initiated by
the conversion of chorismate to anthranilate in a gluta-
mine-dependent reaction. The phosphoribosyl moiety
of phosphoribosyl pyrophosphate is then transferred to
anthranilate. The indole ring is formed in two steps
involving first an isomerization converting the ribose
group to a ribulose and then a cyclization reaction to
yield indole glycerol phosphate. The final reaction in
the pathway is catalyzed by a single enzyme that may
contain either one or two kinds cf subunit. The reaction
consists of the cleavage of indole glyceraldehyde-3-
phosphate and condensation of the indole group with
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serine (Umbarger, 1978, in Ann. Rev. Biochem. 47:
555-606). :

Metabolite flow in the tryptophan pathway in higher
plants and microorganisms is apparently regulated by
tryptophan through the feedback inhibition of the en-
zyme anthranilate synthase (nereinafter referred to as
AS). AS is the branchpoint enzyme which catalyzes the
conversion of chorismate to anthranilate. AS and the
four other enzymes in the pathway-Yave been identified
and partially purified from crude extracts of ceil cul-
tures of higher plants (Hankins et al, 1976, Plant
Physiol. 57: 101-104; Widholm, 1973, Biochim. Bio-
phys. Acta 320: 217-226). However, AS is very unsta-
ble and is therefore difficult to purify.

Resistance to Inhibition by Tryptophan Analogs

Tissue culture methods have been used to select for
resistance to growth inhibition by amino acid analogs in
several plant species. The resuits of these investigations
can be separated into two categories based on whether
or not amino acid analog tolerance was stably inherited
and expressed in the progeny of plants regenerated from
the selected resistant cultures. This criterion clearly
establishes the mutant nature of the selected trait.

Microorganisms are able to control tryptophan bio-
synthesis by feedback inhibition and by end-product
repression. The site of action of several growtn inhibi-
tory analogs (e.g., S-methyltryptophan, 4-methyitrypto-
phan, 5-fluorotryptophan, 5-hydroxytryptophan, 7-aza-
tryptophan, 38-indoleacrylic acid, 3-methylanthranilic
acid) has been extensively studied in microorgansims.
Studies with Escherichia coli showed that specific en-
zymes in the pathway could be inhibited by the appro-
priate analog (Moyed, 1960, J. Biochem. 235:1098;
Trudinger and Cohen, 1956, 62:148; Moyed and Fried-
man, 1958, Science 129:968). Moyed (1960) and Som-
merville and Yanofsky (1965, J. Mol. Biol. 11:747)
showed that E. coli mutants resistant to 5-methyltrypto-
phan could be recovered if the bacteria were grown in
growth inhibitory concentrations of 5-methyltrypto-
phan. The AS in several cell lines was found to be less
sensitive to inhibition by tryptophan or 5-methyitrypto-
phan due to an altered AS.

Plant cell cultures selected for resistance to amino
acid analogs or to certain combinations of amino acids
may contain increased levels of the corresponding free
amino acid. For example, cultured tobacco, carrot,
potato and the weed Darura inoxia cell lines have been
selected which are resistant to growth inhibition by
S-methyltryptophan (hereinafter referred to as SMT)
through an altered AS as described below.

Widholm (1972, Biochim. Biophys. Acta 261: 44-51)
demonstrated that the tryptophan analogs 5-methyl-
tryptophan, 4-methyitryptophan, 5-fluorotryptophan
and 6-fluorotryptophan cause growth inhibition of to-
bacco (Nicotiana tabacum) and carrot (Daucus carota)
cell cultures. This inhibition of growth could be re-
versed by the addition of anthranilic acid, indole, or
L-tryptophan. Anthranilate synthase was determined to
be very sensitive to these analogs and the tryptophan
analogs inhibited cell growth by limiting tryptophan
synthesis through inhibition of anthranilate synthase.

The growth of cultured tobacco cells was inhibited
by SMT, but some tobacco cell lines were resistant to
growth inhibitory concentrations of SMT (Widholm,
1972, Biochim. Biophys. Acta 261:52-58). Resistance
was stable for at least 60 cell mass doublings even with-
out selection pressure (i.e., without SMT). In addition,
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SMT resistant cells were resistant to growth inhibition
by other tryptophan analogs. Free tryptophan levels
increased in SMT resistant cells about 10-fold over con-
trol tissue. The enzyme anthranilate synthase was found
to be less sensitive to inhibition by tryptophan or SMT.

Carrot cell lines that were resistant to growth inhibi-
tion by SMT were also selected by Widholm (1972,
Biochim. Biophys. Acta 279:48-57). This characteristic
was generally stable in the absence of the tryptophan
analog for at least 100 cell doublings. SMT resistant cells
were also resistant to other tryptophan analogs. Cellular
free tryptophan concentrations in SMT resistant cell
were substantially increased, 2170 uM as compared to
81 uM (27-fold) for control tissue. Anthranilate syn-
thase was shown to be altered in the SMT resistant cells.
The enzyme was about 5-fold less sensitive to inhibition
by tryptophan or 5SMT.

Singh and Widholm (1975, Biochem. Genet.
13:357-367) described a mutant in corn, Zea mays L.,
blue fluorescent-1, that possessed increased anthranliate
synthase activity which was less sensitive to feedback
inhibition. The mutant also accumulated anthranilic
acid. In contrast to previous work in tobacco and car-
rot, however, the altered anthranilate synthase activity
did not lead to significant overproduction of tryptophan
in mature corn plants or seed.

Carison and Widholm (1978, Physiol. Plant
44:251-255) obtained potato cell (Solanum ruberosum)
cultures resistant to SMT. Anthranilate synthase was
shown to be less sensitive to inhibition by tryptophan or
by SMT. There appeared to be two forms of anthrani-
late synthase present, one sensitive and one resistant to
SMT. In the selected cell lines the level of resistant AS
was greatly increased. The range of free tryptophan
concentrations were from 970 to 1400 uM in selected
cultures compared to 29 uM in control tissues.

Widholm (1980, in Plant Cell Cultures: Results and
Perspectives, F. Sala, B. Parisi, R. Cella, O. Ciferri
(eds.), Elsevier/North Holland Biomedical Press, Am-
sterdam, pp. 157-159) described plants regenerated
from SMT resistant N. tabacum suspension cultures.
While the cultures had an anthranilate synthase enzyme
less sensitive to feedback inhibition by tryptophan and
exhibited an increased level of free tryptophan (approxi-
mately 25-fold), the leaves of the regenerated plants did
not express the altered form of the control enzyme and
did not form roots in medium containing SMT. The
resistance trait was, however, expressed in callus de-
rived from the regenerated plant. Thus it appears to be
difficult to obtain expression in tobacco of the SMT
resistance selected in cell culture. .

Finally, Ranch et al. (1983, Plant Physiol.
71:136-140) selected for SMT resistance in cell cultures
of Datura innoxia, a dicot weed and showed that the
resistant cell cultures contained increased tryptophan
levels (8 to 30 times higher than the wild type level) and
an AS with less sensitivity to tryptophan. Regenerated
plants were also resistant to SMT, contained an al-
terated AS and had a greater concentration of free
tryptophan (4 to 44 times) in the leaves than the control
plants. In contrast to the studies with V. tabacum where
the altered enzyme was not expressed in plants regener-
ated from resistant cell lines, these results indicated that
the amino acid overproduction phenotype could be
selected at the cellular level and expressed in whole
plants regenerated from the selected cells in Datura
innoxia. :
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Although it is possible to select for SMT resistance in
certain cell cultures and plants, this characteristic does
not necessarily correlate with the overproduction of
free amino acid in whole plants. Additionally, plants
regenerated from SMT resistant lines frequently do not
express the altered form of the control enzyme. Nor is it
expected that this characteristic will be stable over a
period of time and be passed along as a heritable trait.
Thus, it would be advantageous to-nbtain plants which
produce high levels of tryptophan in mature plants and
their seeds and genetically transmit this characteristic to
their progeny.

SUMMARY OF THE INVENTION

This invention is directed to novel plant genotypes,
and in particular novel genotypes of cereal crops, in-
cluding maize, rice, wheat, barley, sorghum, oats, rye,
and millet which produce increased levels of free tryp-
tophan. As an exemplary embodiment, a new maize
genotype is described in the example presented herein
which is resistant to inhibition by SMT at concentra-
tions which normally inhibit growth. The resuitant lines
overproduce tryptophan in callus culture, tissues, plants
and seeds. The present invention utilizes cell culture
technology to isolate, characterize and develop plant
cell lines, and particularly maize cell lines, which over-
produce tryptophan in callus cultures, plant tissues,
plants and seeds. Additionally these maize lines geneti-
cally transmit this trait to their progeny. This maize
genotype may be used for human or animal consump-
tion, or as a source from which tryptophan can be ex-
tracted for other purposes.

‘In addition maize seeds having an endogenous free
tryptophan content of between at least 0.2 milligrams
per gram dry seed weight and preferably about at least
1 milligram per gram dry seed weight are within the
scope of the present invention. For cereal crops gener-
ally, the invention includes novel mutant seeds having
an endogeneous free tryptophan content of at least ten
times that of corresponding non-mutant seeds.

The present invention also provides for the produc-
tion of a plant cell enzyme which is relatively resistant
to inhibition by tryptophan and a tryptophan analog
which normally inhibits the activity of this enzyme.
This enzyme, an altered anthranilate synthase (AS),
confers resistance to inhibition by certain tryptophan
analogs and permits growth of callus cultures, plant
tissues, plants and seeds in the presence of these same
analogs at concentrations which normally inhibit
growth before alteration. This invention is also directed
to processes and compositions for making and utilizing
this altered enzyme, as well as the gene encoding the
enzyme.

In summary, for purposes of convenience, the inven-
tion can be divided into the following categories for the
purpose of description: (2) mutant plant seeds, mutant
plant tissue cultures, and mutant plants having an en-
dogenous free tryptophan content of at least ten times
the amount of corresponding non-mutant plant seed,
plant tissue cultures and plants, wherein the plant may
be a monocot and particularly a cereal crop from the
group consisting of maize, rice, wheat, barley, sorghum,
oats, rye, and millet and the like; (b) mutant maize seeds,
mutant maize tissue clutures, mutant maize plants hav-
ing an endogenous free tryptophan content of at least
ten times the amount of corresponding non-mutant
maize seeds, maize tissue cultures, an maize plants; and
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(c) methods for producing tryptophan by extracting
tryptophan from (a) and (b).

As regards the specific embodiments of (a) and (b):
the seed is capable of germinating into a plant, the plant
and plant tissue culture each of which is capable of
expressing a gene encoding an altered anthranilate syn-
thase resistant to inhibition by tryptophan or a trypto-
phan analog at concentrations which normally inhibit
the activity of the anthranilate synthase before aiter-
ation. The plant seed, and plant tissue culture may
tranmsit the gene encoding the altered anthranilate
synthase to its progeny, and the gene before alteration
may be from a eukaryotic or prokaryotic organism or
may be made in whole or part by chemical or enzymatic
methods.

It is to be understood that the following detailed
description presents a single embodiment of the inven-
tion. This particular embodiment relates to novel maize
genotypes which allows the production of increased
levels of tryptophan. :

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the biosynthetic pathway for trypto-
phan and the other aromatic amino acids in plants.

FIG. 2 diagrammatically shows the growth inhibition
for mutant callus lines C28 and C66 and for parental line
ABI1. The increased fresh weight of tissue is shown for
varying concentrations of 5-methylitryptophan.

FIG. 3 diagrammatically shows the root length
growth responses of seedlings to varying concentra-
tions of 5-methyitryptophan.

FIG. 4 diagramatically shows the inhibition curve of
AS activity for both the control AB108 callus extract
and the selected K17 line of C28.

FIG. § is a graph of free tryptophan levels in individ-
ual seedling shoot tissues examined from a SMT sensi-
tive population and a population segregating for resis-
tance to SMT.

DETAILED DESCRIPTION OF ONE
EMBODIMENT OF THE INVENTION

This embodiment of the present invention relates to
novel maize genotypes which produce increased levels
of free tryptophan. The novel genotypes are resistant to
inhibition by SMT at concentrations which normally
inhibit growth. The resistant lines overproduce trypto-
phan. Methods and compositions are provided for pro-
ducing callus cultures, plant tissues, plants and seeds
which overproduce tryptophan and genetically trans-
mit this trait to their progeny. Also described are cell
culture selection techniques to select for novel maize
genotypes resistant to tryptophan analogs and which
overproduce tryptophan. The production of these
maize lines encompasses isolation, characterization, and
development of these maize lines and regeneration of
plants from these cultures which are resistant to trypto-
phan analogs. Additionally, the present invention pro-
vides for the production of a plant cell enzyme which is
relatively resistant to inhibition by tryptophan and cer-
tain tryptophan analogs which normally inhibit the
activity of this enzyme. The methods provided in the
present invention may also be used to produce increased
levels of free tryptophan in monocots and other cereal
crops, including but not limited to rice, rye, millet,
wheat, barley, sorghum and oats.

The method of this invention may be divided into the
following areas for the purposes of description: (1) de-
termination of the appropriate selection conditions; (2)
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the strategy for selection of SMT resistant and trypto-
phan overproducer maize cell lines; (3) selection and
characterization of SMT resistant and tryptophan over-
producer cell lines; (4) regeneration of resistant plants
and production of seed; and (5) development of SMT
resistant and tryptophan overproducer commercial
hybrid seed.

Strategy for Selection of Tryptophan Overproducer
Cell Lines

Efficient selection of a desired tryptophan analog
resistant, tryptophan overproducer mutant using tissue
culture techniques requires careful determination of
selection conditions. These conditions are optimized to
allow growth and accumulation of tryptophan analog
resistant, tryptophan overproducer cells in the cuiture
while inhibiting the growth of the bulk of the cell popu-
lation. The situation is complicated by the fact that the
vitality of individual cells in a population is highly de-
pendent on the vitality of neighboring cells.

Conditions under which cell cultures are exposed to a

tryptophan analog are determined by the characteristics
of the interaction of the compound with the tissue. Such
factors as degree of toxicity and rate of inhibition
should be considered. The accumulation of the com-
pounds by cells in culture, and the persistence and sta-
bility of the compounds, both in the media and in the
cells, also need to be considered. Additionally, it is
important to determine whether the effects of the com-
pounds can be readily reversed by addition of trypto-
phan.
The effects of the analog on culture viability and
morphology need to be carefully evaluated. It is espe-
cially important to choose analog exposure conditions
which have no impact on plant regeneration capability
of cultures. Choice of analog exposure conditions is also
influenced by whether the analog kills cells or simply
inhibits cell divisions.

The choice of a selection protocol is dependent upon
the considerations described supra. The protocols
briefly described below may be utilized in the selection
procedure, although the present invention is not limited
to these procedures. In the first protocol, finely divided
cells in liquid suspension culture are exposed to high
analog levels for brief periods of time. Surviving cells
are then allowed to recover and accumulate and are
then reexposed for subsequently longer periods of time.
Alternatively, organized, partially differentiated cell
cultures are grown and subcultured with continuous
exposure to initially low analog levels. Analog concen-
trations are then gradually increased over several sub-
culture intervals.

Selection and Characterization of Resistant Cell Lines

Selections are carried out. until cells or tissue are
recovered which are observed to be growing well in the
presence of normally inhibitory levels of the tryptophan
analog. These cell “lines” are subcultured several addi-
tional times in the presence of the analog to remove
pon-resistant sections and then characterized. The
amount of resistance which has been obtained is deter-
mined by comparing the growth of these cell lines with
the growth of unselected cells or tissue in the presence
of various analog concentrations. Stability of the resis-
tance trait of the cultured cells may be evaluated by
simply growing the selected cell lines in the absence of
analog for various periods of time and then analyzing
growth after re-exposing the tissue to the analog.
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As an alternative method to selection of cultures
exposed to increased concentrations of analog on solid
medium, cells may be selected in liquid medium and the
surviving cells recovered using a feeder layer of heaithy
cells on solid medium.

The resistant cell lines may also be evaluated using in
vitro chemical studies to verify that the site of action of
the analog is altered to a form which is less sensitive to
inhibition by tryptophan.

Plant Regenmﬁon_ and Production of Seed

Cell lines exhibiting satisfactory levels of resistance to
the tryptophan analog are put through a plant regenera-
tion protocol to obtain mature plants and seed express-
ing the resistance trait. The plant regeneration protocol
allows the development of somatic embryos and the
subsequent growth of roots and shoots.

Mature plants are then obtained from cell lines that
are known to express the trait. If possible, the regener-
ated plants are self pollinated. In addition pollen ob-
tained from the regenerated plants is crossed to seed
grown plants of agronomically important inbred lines.
In some cases, pollen from plants of these inbred lines is
used to pollinate regenerated plants. The trait is geneti-
cally characterized by evaluating the segregation of the
trait in first and later generation progeny. The heritabil-
ity and expression in plants of traits selected in tissue
culture are of particular importance if the traits are to be
commercially useful.

Development of Tryptophan Overproducer
Commercial Hybrid Seed

The commercial value of tryptophan overproducer
corn is greatest if many different hybrid combinations
are available for sale. The farmer typically grows more
than one kind of hybrid based on such differences as
maturity, standability or other agronomic traits. Addi-
tionally, hybrids adapted to one part of the corn belt are
not adapted to another part because of differences in
such traits as maturity, disease and insect resistance.
Because of this, it is necessary to breed tryptophan
overproduction into a large number of parental lines so
that many hybrid combinations can be produced.

Adding the tryptophan overproduction genotype to
agronomically elite lines is most efficiently accom-
plished if the genetic control of analog resistance and
tryptophan overproduction is understood. This requires
crossing tryptophan overproducer plants with sensitive
plants and studying the pattern of inheritance in segre-
gating generations to ascertain whether the trait is ex-
pressed as a dominant or recessive, the number of genes
involved, and any possible interaction between genes if
more than one are required for expression. This genetic
analysis can be part of the initial efforts to convert agro-
nomically elite, yet sensitive, lines to resistant lines.

A conversion process (backcrossing) is carried out by
crossing the original overproducer line to normal elite
lines and crossing the progeny back to the normal par-
ent. The progeny from this cross will segregate such
that some plants carry the gene responsible for overpro-
duction whereas some do not. Plants carrying such
genes will be crossed again to the normal parent result-
ing in progeny which segregate for overproduction and
normal production once more. This is repeated until the
original normal parent has been converted to an over-
producing line, yet possesses all other important attri-
butes as originally found in the normal parent. A sepa-
rate backcrossing program is implemented for every
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glite line that is to be converted to tryptophan
ducer line. , :

Subsequent to the backcrossing, the new overpro-
ducer lines and the appropriate combinations of lines
which make good commercial hybrids are evaluated for
overproduction as well as a battery of important agro-
nomic traits. Overproducer lines and hybrids are pro-
duced which are true to type of the original normal
lines and hybrids. This requires evaluation under a
range of environmental condition. where the lines or
hybrids will generally be grown commercially. For
production of high tryptophan corn it may be necessary
that both parents of the hybrid seed corn be homozy-
gous for the high tryptophan character. Parental lines of
hybrids that perform satisfactorily are increased and
used for hybrid production using standard hybrid seed
corn production practices.

Alternate Methods of Obtaining Tryptophan
Overproducer Mutants

Any method which can be utilized to improve the
quality and quantity of free tryptophan in plants can be
utilized. Generally, biosynthesis of amino acids, includ-
ing tryptophan, are controlled by feedback regulation.
The two major types of feedback regulation are feed-
back (or end product) inhibition and feedback repres-
sion. In feedback inhibition, the final metabolite of the
pathway inhibits the activity of an enzyme of the path-
way. Feedback repression is the inhibition of formation
of one or more enzymes in a pathway by an end product
or a derivative of the end product. For many amino acid
biosynthetic pathways the amino acid end product first
combines with its transfer RNA (tRNA) to cause re-
pression. Feedback regulation may be circumvented by
(a) decrease in the concentration of an inhibitory or
repressive end product or (b) mutational alteration of
the enzyme or enzyme forming system to a condition
less sensitive to feedback effects, i.e., mutation to feed-
back resistance. (For a more complete review of this
topic see Demain, 1971, Advan. Biochem. Eng.
1:113-141.)

In the embodiment of the present invention mutants
are isolated that may possess an enzyme resistant to
feedback inhibition and/or feedback repression by using
analogs of the amino acid that exert inhibition and/or
repression but cannot be used for protein synthesis.
Mutants may be resistant to the analog due to an alter-
ation in the structure of the feedback-inhibited enzyme
(inhibition resistant) whereas others may have an al-
tered enzyme-forming system (repression resistant).
Additionally, these mutants overproduce the amino
acid due to altered control mechansms. Mutations to
both types of resistance (double mutants) in one line
may result in a marked increase in amino acid produc-
tion.

Any alteration or replacement of AS which leads to
feedback regulation and overproduction of tryptophan
in callus culture, tissue culture, seed and regenerated
plants may be utilized in this embodiment of the present
invention. AS may be altered or replaced in any plant
species; of especially great importance are the agro-
nomic and horticulture crops which are normally defi-
cient or produce low quantities of tryptophan. The
alteration of AS may be accomplished by any of a vari-
ety of means, including but not limited to the following
methods: (1) spontaneous variation and direct mutant
selection in tissue cultures; (2) direct or indirect muta-
genesis procedures on tissue cultures of all types, seeds

overpro-
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and plants; and (3) isolation of genes, manipulation,
modification, or synthesis in whole or part of genes
using molecular biology, chemical technologies and
state-of-the-art procedures and reintroduction of resis-
tance genes into plants.

Additionally, any type of AS modification which
leads to a change in regulatory elements, or resistance
to, or tolerance of, chemical compounds applied to
plants may be utilized. These changes may include alter-
ations in enzyme structure and changes in enzyme ex-
pression and/or function. Tryptophan overproducers
may also be obtained by gene mutations (e.g., single or
multiple site mutations, or the presence of multiple gene
copies of the enzyme), derepression of the enzyme,
replacement or supplementation (i.e., gene therapy or
the addition of extra genes), by any means, of an endog-
enous AS with any other AS from another source, in-
cluding but not limited to prokaryotic or eukaryotic
organisms or by chemical synthesis of a gene that cata-
lyzes the same reactions as AS.

Genes encoding AS are common to the tryptophan
and branched chain amino acid pathways in plants and
microorganisms (Umbarger, 1978, Ann. Rev. Biochem.
47: 533-606). In higher plants, the biosynthesis of L-
tryptophan has been shown to be controlled by feed-
back inhibition of AS by the end product, tryptophan
(Carison and Widholm, 1978, Physiol. Plant
44:251-255). AS genes with a variety of regulatory
characteristics are available from a variety of bacterial
mutants.

An important aim of traditional phnt breeding is to
engineer improved plants that are valuable as crop
plants and serve as a source of nutritionally valuable
proteins, as biomass or as sources of pharmaceun‘cals
and enzymes. Present day genetic engmecnng tech-
niques are geared towards similar goals.

To introduce isolated genes or a group of genes into
the genome of plant cells an efficient host gene vector
system is necessary. The foreign genes should be ex-
pressed in the transformed plant cells and stably trans-
mitted (somatically and sexually) to the next generation
of cells produced. The vector should be capable of
introducing, maintaining and expressing a gene in plant
cells, from a variety of sources, including but not lim-
ited to plants and animals, bacteria, fungi, yeast or virus.
Additionally it should be possible to introduce the vec-
tor into a wide variety of plants. The location of the
new gene in the plant genome may be important in
determining effective gene expression of the genetically

engineered plant. In addition, to be effective, the new 50

gene must be passed on to progeny by normal breeding.

Directed genetic modification and expression of for-
eign genes in dicotyledonous (broad-leafed) plants such
as tobacco, potato and aifalfa has been shown to be
possible using the T-DNA of the tumor-inducing (Ti)
plasmid of Agrobacterium tumefaciens. Using recombi-
nant DNA techniques and bacterial genetics, any for-
eign piece of DNA can be inserted into T-DNA in
Agrobacterium. Following infection by the bacterium
or Ti plasmid, the foreign DNA is inserted into the host
plant chromosomes, thus producing a genetically engi-
neered cell and eventually a genetically engineered
plant. A second approach is to introduce root-inducing
(Ri) plasmids as the gene vectors. While Agrobacterium
appear to attack only dicots, many important crop
plants including corn, wheat, rice, barley, oats, sor-
ghum, millet, and rye are monocots and are not known
to be susceptible to transformation by Agrobacterium.
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The Ti plasmid, however, may be manipulated in the
future to act as a vector for monocot plants. Addition-
ally, using the Ti plasmid as a model system it may be
possible to artificially construct gene vectors for mono-
cot plants.

Ti-plasmids might also be introduced into monocots
by artificial methods such as microinjection, or fusion
between monocot protoplasts and bacterial spheroplasts
containing the T-region which can then be integrated
into the plant nuclear DNA.

Genetic engineering of plants may also be accom-
plished by introducing the desired DNA containing
functional genes which will result in high levels of free
tryptophan, or high levels of an intermediate in the
tryptophan biosynthetic pathway which are less sensi-
tive to feedback inhibition into plant tissues or cells
using DNA molecules of a variety of forms and origins
including, but not limited to: plant pathogens such as
DNA viruses like Cauliflower Mosaic virus (CaMV) or
geminiviruses, RNA viruses, and viroids; DNA mole-
cules derived from unstable plant genome components
like extrachromosomal DNA elements in organelles
(e.g., chioroplasts or mitochondria), or nuclearly en-
coded controlling elements; DNA molecules from sta-
ble plant genome components (e.g., origins of replica-
tion and other DNA sequences which allow introduced
DNA to integrate into the organellar or nuclear ge-
nomes and to replicate normally, to autonomously repli-
cate, to segregate normally during cell division and
sexual reproduction of the plant and to be inherited in
succeeding generations of piants). ’

The Cauliflower Mosaic virus (CaMV) has a gene the
function of which is to prevent certain insects from
destroying the virus. The remaining parts of the gene
are redundant and can be replaced witn a gene(s) which
is useful to the plant breeder. The geminiviruses (or
twin viruses) which are imposed of two strands of DNA
wrapped up in twin capsules of proteins can be used to
transfer foreign genes into monocot plants. Transposons
may also be used to carry foreign genes into plant
DNA.

DNA containing AS genes may be delivered into the
plant cells or tissues directly by infectious plasmids,
such as Ti, viruses or microorganisms like A. rumefaci-
ens, the use of liposomes, microinjection by mechanical
or laser beam methods, by whole chromosomes or chro-
mosome fragments, and by direct spraying of an infec-
tious plant virus on crops.

Tryptophan overproducer mutants may also be de-
veloped using any of the methods described supra and
also other means including, but not limited to, conven-
tional genetic and plant breeding procedures, whole
plant genetic methods and somatic hybridization by
protopiast fusion.

Commercial Approaches to Tryptophan Extraction
from High Tryptophan Maize Seed

There are a number of methods that could be used to
extract the free tryptophan from high tryptophan corn,
however, the more economical of these would likely
involve extracting the tryptophan prior to or following
standard wet or dry milling processes (Watson, 1977 in
Com and Corn Improvement, G. F. Sprague (ed.),
Amer. Soc. of Agronomy, Madison, Wisc.). This per-
mits the value of the tryptophan to be added to the
value of milled products.

In the wet milling process, one of the initial steps
involves treating the kernels with an acidic aqueous
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solution and allowing a limited amount of lactic acid
fermentation to occur. This treatment conditions and
softens the kernel and solubilizes many small molecules
in the kernel including free amino acids. This acid envi-
ronment will, however, result in breakdown of most of
the solubilized tryptophan. Thus, to obtain significant
amounts of this commodity, it will be necessary to ex-
tract the tryptophan prior to the acid treatment step. A
method that can be used to carry out this pre-extraction
process is described below.

Maize seed can be processed in a series of vats at
elevated temperatures (approximately 150° F.) in an
aqueous environment at basic/neutral pH (pH=10).
Water is added to the corn that has been extracted the
longest in the process and flows in a countercurrent
manner towards the newly introduced seed. Following
several days of extraction the corn is then transferred to
a standard wet milling plant. The liquid from the extrac-
tion process can then be filtered to remove solids then
treated by standard chemical means, solvent extrac-
tion/phase separation, ion exchange chromatography
and crystallization, to concentrate and purify the tryp-
tophan. The degree of purification will depend on the
type of product desired—feed supplement, chemical
feed stock, reagent chemical, etc.

In the dry milling processes corn kernels are cleaned,
brought to 20-22% moisture then milled, pressed and
sorted to give a variety of fractions—hominy feed, flak-
ing, medium and fine grits, meal and flour. One or more
of these fractions can then be extracted with water
under neutral to basic conditions at elevated tempera-
ture to obtain the tryptophan. Again, the tryptophan
can then be concentrated and purified by standard
chemical methods including solvent extraction/phase
separation, ion exchange chromotography and crystali-
zation.

Tryptophan may also be recovered by other conven-
tional procedures. For example, a method for recovery
is presented in U.S. Pat. No. 3,759,790 which is hereby
incorporated by reference into the present specification.

EXAMPLES

According to one particular embodiment of the pres-
ent invention, maize tissue cultures resistant to SMT
were selected and plants which were resistant to the
tryptophan analog were regenerated from these cul-
tures. The selected resistant line has a greatly increased
level of free tryptophan. A detailed description of the
invention is presented in the subsections below.

Characterization of the Effects of 5-Methyltryptophan
and Strategy for Selection of Resistant Maize Cells

Initiation and Maintenance of Maize Cell Cultures
Which Retain Plant Regeneration Capacity

Friable, embryogenic maize callus cultures were initi-
ated from hybrid immature embryos produced by polli-
nation of inbred line A 188 plants (University of Minne-
sota, Crop Improvement Association) with pollen of
Inbred line B73 plants (Jowa State University). Ears

were harvested when embryos had reached a length of 60

1.5 to 2.0 mm. The whole ear was surface sterilized in 50
v/v commercial bleach (2.63% w/v sodium hypochlo-
rite) for 20 minutes at room temperature. The ears were
then washed with sterile distilled, deionized water. Im-
mature embryos were aseptically isolated and placed on
nutrient agar initiation/maintenance media with the
root/shoot axis exposed to the media. Initiation/mainte-
nance media consisted of N6 basal media (Chih-ching in
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Proceedings of Symposium on Plant Tissue Culture,
May 25-30, 1978, Science Press, Peking, pp. 43-50)
with 2% (w/v) sucrose, 1.5 mg per liter 2,4-dichloro-
phenoxyacetic acid (2,4-D), 6 mM proline, and 0.9%
(W/V) agar.

The immature embryos were incubated at 26° C. in
the dark. Cell proliferations from the scutellum of the
immature embryos were evaluated for friable consis-
tency and the presence of well defined somatic em-
bryos. Tissue with this morphology was transferred to
fresh media 10 to 14 days after the initial plating of the
immature embryos. The tissue was then subcultured on
a routine basis every 12 to 16 days. Sixty to eighty milli-
gram quantities of tissue were removed from pieces of
tissue that had reached a size of approximately one
gram and transferred to fresh media. Subculturing al-
ways involved careful visual monitoring to be sure that
only tissue of the correct morphology was maintained.
The presence of the somatic embryos ensured that the
cultures would give rise to plants under the proper
conditions. .

Callus Culture Growth Inhibition by
S-Methyitryptophan

The tryptophan analog, S-methyltryptophan (SMT),
was used for selection of tryptophan overproducer
mutants as discussion in Section § supra. The effect of
various concentrations of SMT on callus growth on
solid media was determined. Quantities of tissue averag-
ing 50 mg in size were transferred to nutrient agar main-
tenance media containing SMT concentrations ranging
from 1.0 to 200 uM. Four tissue pieces were placed on
each plate with four plates per analog concentration.
After 28 days growth, the tissue was weighed again.
Inhibition of growth rate was found to be half maximal
in the 3 to 10 uM SMT range of concentration. Cell
death was observed at analog concentrations of 100 and
200 uM. Tryptophan was shown to reverse all the
growth inhibitory effects of SMT.

Selection and Characterization of a
S-Methyitryptophan Resistant Cell Line

The selection protocol used to identify and isolate
analog resistant cells was formulated to take into ac-
count that: (1) the effects of the SMT were reversible
and (2) the effects of the analog increased over time.
Therefore, the procedure involved exposing tissue con-
tinuously to a moderate SMT concentration over sev-
eral subculture intervals and keeping careful records of
the growth of all tissue in the selection. In this way the
analog was allowed to take effect slowly with continu-
ous selection pressure permitting analog tolerant cells to
accumulate over time and yet not affect the potential
for plant regeneration. This procedure allowed for the
selection of cells with even low levels of SMT tolerance
(2- to 3-fold in analog concentration).

Selection of 5-Methyltryptophan Resistant Cell Line

Many selections were carried out utilizing the selec-
tion protocol described supra. The selection of one such
SMT resistant line that was identitied and characterized
is described below in detail.

Approximately three grams of vigorously growing
maize callus tissue was transferred to maintenance
media in petri plates containing 33 uM 5MT. Plates
were prepared and individual tissue weighing 30 to 40
mg were plated on each plate in groups of 10. The SMT

~.
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level was-chosen from growth inhibition studies to pro-
vide less than from about 20% to about 40% of normal
growth during the first four weeks of analog exposure.

Surviving tissue sectors showing some growth and
retention of embryogenic morphology (i.e., presence of
somatic embryos) during the first 8 weeks of growth
were subcultured on fresh media containing 33 pM
SMT. Each piece of tissue was labeled and became the
progenitor of a “line.” A complete genealogy was main-
tained and recorded for future subcultures. Subsequent
subculture intervals ranged from 15 to 30 days depend-
ing on overall growth of the callus tissue,

For each transfer all tissue showing growth and so-
matic embryo forming ability were piaced on fresh
media. At the third transfer, the concentration of SMT
was increased to 100 uM. During the course of the
selection process, the total number of lines decreased as
the analog mediated growth inhibition became more
intense. Two lines however, increased in size and by the
end of the fourth month of selection were identified as
resistant to SMT. These cell lines were identified as
maize line C28 and C66. Growth inhibition studies
showed that growth was no longer seriously inhibited
by the presence of the analog at 100 uM or below com-
pared to the parental cell line AB1 as shown in FIG. 2.
Throughout this selection process, the selected cell lines
maintained a friable appearance that was similar to the
appearance of the original parent cell line.

Characterization of Maize Cell Line C28

The resistant cell line was characterized to evaluate:
(1) the magnitude of the resistance; (2) the stability of
the resistance trait; and (3) the level of free tryptophan.
. In addition the sensitivity of the enzyme anthranilate

synthase to SMT was measured.

* Four week growth inhibition studies were carried out
with SMT as described supra. The level of SMT giving
50% growth inhibition was determined to be between
300 and 400 uM for the C28 line compared to 3 to 10
uM for unselected parent tissue. Stability of the resis-
tance trait was examined by growing the C28 line on
maintenance medium without SMT. Periodicaily these
cultures were retested for resistance to the analog. Cul-
tures were shown to be SMT resistant without selection
pressure for greater than 10 months.

Analysis of Free Trytophan

Free tryptophan levels in tissue cultures of line C28
was determined by amino acid analysis. Tissue cultures
were grown without SMT for a minimum of 2 weeks
and then 1 gram fresh weight quantities of callus tissue
were ground with sand with a mortar and pestle in | ml
of 12:5:3 methanol:chloroform:water (MCW). One ml
of MCW was added and the extract centrifuged at
10,000 g for 10 minutes. The pellet was reextracted
with 2 mi MCW, the supernatants combined and 1 ml
each of chloroform and water was added. The aqueous
phase was then subjected to cation exchange chroma-
tography. These extracts were passed through Bond
Elut SCX columns (Analytichem International Inc.,
Harbor City, Calif.) which had been equilibrated with
10 ml 1 N HCI then 10 ml water. Following sample
application the columns were washed witn 5 ml dis-
tilled, deionized water, and the amino acids were eluted
with 2 ml aliquots of 5% v/v triethylamine. The ali-
quots were combined (6 ml) and lyophilized. Free
amino acid levels were determined by using reverse
phase high performance liquid chromatography follow-
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ing pre-column derivatization with o-phthalidialdehyde
(Jones et al., 1981, J. Liq. Chromatogr. 4:565-586). The
C28 line was shown to contain 78 ug of free tryptophan
per gram fresh weight calli while control tissues con-
tained only 4.0 ug per gram fresh weight. (Callus tissue
is approximately 90% water, thus on a dry weight basis
the C28 line is approximately 780 ug of free tryptophan
per gram and ree tryptophan.)
Anthranilate Synthas~ Assays

Assays were conducted to determine whether SMT
resistance was conferred by an aiteration in the gene
that codes for the anthranilate synthase enzyme. Crude
enzyme extract of AB108 control callus and the se-
lected K17 line of C28 callus were prepared as de-
scribed below. The K17 line of C28 was derived from a
regenerated C28 plant crossed with a control plant and
then self-pollinated. Immature embryos were then cul-
tured and a callus line developed as described previ-
ously.

Plant callus tissue was ground using a mortar and
pestle and extracted with 0.2 M Tris-HC], pH 8.2, 60%
glycerol, 0.2 mM dithiothreitol (DTT), 0.2 mM ethyl-
enediaminetetraacetic acid (EDTA), 1.0 mM magne-
sium sulfate (MgSQOy), 20 mM sodium chloride (NaCl)
and 1.0 mM L-tryptophan. One ml extraction buffer
was used per 2 g callus. The extract was centrifuged at
10,000 X g for 25 minutes at 4° C. The supernatant was
applied to a 3 cm X 15 cm Bio Gel-P6 column (Bio-Rad,
Richmond, Calif.) equilibrated with 0.1 M Tris-HC], pH
7.6, 10% glycerol, 0.1 mM DTT and 0.] mM EDTA
and eluted with the same buffer. 0.75 ml fractions were
collected and fractions containing protein were pooled.
The volume of crude extract approximated the volume
of supernatant applied to the column. All of the above
steps were conducted at 4° C.

Assays were conducted in 1 ml volumes as follows.
50 ul aliquots of extract were assayed at 30° C. for 30
minutes in the presence of 0.25 mM chorismate (barium
salt form), 20 mM L-glutamine, 4 mM MgSO4, and
0-103 M SMT as enzyme inhibitor. The reaction was
terminated by the addition of 0.1 ml 2 N acetic acid. The
anthranilate was extracted into 2 mi ethyl acetate, vor-
texed well and centrifuged at 5,000 g for 5 minutes.
One ml of the ethyl acetate layer was removed and
added to 2.5 ml ethyl acetate and vortexed. The fluores-
cence due to the production of anthranilate was mea-
sured in the 3.5 ml extractant using a Kratos FS950
fluorimeter (Kratos Analytical Instruments, Ramsey,
NJ.). The excitation filter used was a 254 nm interfer-
ence type filter and the emission filter had a 370 nm
cutoff point. )

The results of the AS assay of both AB108 callus
extract and the selected C28 line are shown in FIG. 4.
The C28 derived AS was clearly more resistant to inhi-
bition by SMT than the control AS. A 10-fold higher
SMT level was needed for 50% inhioition of the C28
compared with the control.

Plant Regeneration and Production of Seed
Plant Regeneration Protocol

Eighty to 90 mg quantities of maize callus tissue were
transferred to embryo and shoot development (regener-
ation) media in petri plates. The media consisted of MS
basal media (Murashige and Skoog, 1962, Physiol. Plant
15:473) supplemented with 0.! mg per liter 2,4D »nd
1 X 10—7 abscissic acid. 0.25% Gelrite (Kelco Co., San
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Diego, Calif.) was used as a solid support in place of
agar. The tissue was incubated in the dark at 26° C. for
one week. The plates were then transferred to s light
regime at 26° C. (approximately 300 footcandles, soft
white fluorescent) on a cycle of 14 hours light, 10 hours
dark. Developing plants reaching a size of 1-3 cm were
then transferred to flasks or jars, containing MS media
with no supplementation, for further development.
When plants reached the two to three leaf stage, they
were moved to pots containing vermiculite and exposed
to light at 2600 footcandles. These plants were watered
with 10 mM KNO:; for one week and then with water
until they grew stably. The plants were then transferred
to soil for growth to maturity under 4000 footcandles of
light for 14 hours.

Mature C28 plants were self pollinated and/or
crossed with inbred line A 188 (University of Minnesota,
Crop Improvement Association) and B73 (Iowa State
University) plants. Seed set varied from 6 to over 300
seeds per ear on the 20 self or cross pollinations made.

Characterization Of Progeny Plants and Seeds

Resistance to SMT in progeny seed was determined
by germinating mature embryos on medium containing
100 uM SMT. Seeds from regenerated self or cross
pollinated plants were surface sterilized for 20 minutes
in 2.5% sodium hypochlorite, rinsed in sterile water 2
times and soaked overnight in sterile water containing
50 mg/1 captan. Mature embryos were cut from the
seeds and placed on 0.9% agar medium containing MS
salts and 0 or 100 uM 5MT. The mature embryos were
germinated under 200-400 footcandle light 14 hour
days. After 6 days root and shoot lengths were mea-
sured.

C28 progeny seeds responded significantly different
than control seeds in this germination assay. In the first
generation progeny individual seedlings from the C28
line gave growth responses that could easily be separa-
ble into 2 classes as seen in FIG. 3. One group was
inhibited SMT in shoot and root length similar to that
observed with control seedlings. A second class showed
relative little inhibition by SMT and growth similar to
that observed when seedling were grown without the
analog. In tests of seed from self pollinated regenerate
C28 plants, the response was 79% long roots (classified
resistant) and 21% short roots (classified sensitive) for
the 66 seeds tested. In cross pollinated C28 plants the
progeny response was 47% resistant and 53% sensitive
from a total of 70 seeds.

Seedlings designated resistant were grown to matu-
rity and self pollinated. The progeny from this second
generation were also screened as described above. It
was shown that resistant plants gave rise to resistant
progeny in the SMT seedling assay.

These results indicated that SMT resistance selected
in cell culture in the line C28 is meiotically transmissa-
ble as a dominant character and behaves as would be
expected from a trait encoded by a single nuciear gene.

Analysis of Free Tryptophan

Seedling shoot tissues were obtained from seeds ger-
minated in vermiculite at 26° C. in the dark. Fourteen
day etiolated shoots were ground individually in 12:5:3
methanol:chloroform:water in a Polytron (Brinkmann
Instrument Co., Westbury, N.Y.). Seed samples were
prepared by grinding in a Wig-L-bug (Cresent Dental
Mfg. Co., St. Lyons, Ill.). Extraction and analysis of
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free amino acids was performed as described supra for
extraction and analysis of free amino acids from callus.

The free tryptophan in individual seedling shoots was
examined from a population sensitive of SMT and in a
popuiation segregating for resistance to SMT. The re-
sults shown in FIG. § indicated a generaily lower level
of tryptophan in SMT sensitive seedling than in the
segregating resistant population. In the resistant popula-
tion there were individual seedlings with considerably
more tryptophan than found in ti ) sensitive group, as
would be expected in a segregating population.

Analyzes of one C28 cob that was shown 1o be homo-
zygous for SMT resistance indicated that the free tryp-
tophan level was 2.2 mg per gram seed whereas the
control was 0.01 mg per gram seed. Indeed maize seed
having an endogenous free tryptophan content of be-
tween at least about 0.1 mg per gram dry seed weight
and preferably at least about 5 mg per gram dry seed
weight are within the scope of this invention. This dem-
onstrates that tryptophan analog selections in callus
culture can give rise to callus plant shoots and eventu-
ally seed with substantially increased levels of free tryp-
tophan.

DEPOSIT OF SEEDS

A collection of seeds, identified as C-28
(2.18-2.21-83), as described herein, has been deposited
with In Vitro International, Inc. Ann Arbor, Mich., and
has been assigned accession I'VI No. 10010.

The present invention is not to be limited in scope by
the cell line or seeds deposited, since the deposited
embodiments are intended as single illustrations of one
aspect of the invention and any cell lines or seeds which
are functionally equivalent are within the scope of this
invention. Indeed, various modifications of the inven-
tion in addition to those shown and described herein
will become apparent to those skilled in the art from the
foregoing description and accompanying drawings.
Such modifications are intended to fall within the scope
of the appended claims.

What is claimed is:

1. A maize seed having an endogenious free trypto-
phan content of at least about one-tenth milligram per
gram dry seed weight and capable of germinating into a
plant capable of producing seed having an endogenous
free tryptophan content of at least about one-tenth milli-
gram per gram dry seed weight.

2. The maize seed according to claim 1, having an
endogenous free tryptophan content of at least about
one milligram per gram dry seed weight and capable of
germinating into a plant capable of producing seed
having an endogenous free tryptophan content of at
least about one milligram per gram dry seed weight.

3. A tryptophan overproducing maize seed capable of
germinating into a plant capable of expressing a gene
coding for an anthranilate synthase which retains from
about 60 to about 80 percent of its activity in the pres-
ence of 5-methyltryptophan at a concentration of about
10—3M, wherein the plant is capable of transmitting the
gene encoding the anthranilate synthase to its progeny.

4. A tryptophan overproducing maize seed having an
embryo capable of producing in the presence of 5-
methyltryptophan at a concentration of 10—4M roots of
at least about 60 percent of the length of roots produced
in the absence of 5-methyltryptophan, as measured after
six days incubation, wherein the seed is capable of ger-
minating into a plant capable of producing seed having
an embryo capable of producing in the presence of
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S-methyitryptophan at a concentration of 10—4 M roots
of at least about 60 percent of the length of roots pro-
duced in the absence of 5-methyitryptopha,n, as mea-
sured after six days incubation.

5. A maize seed deposited with In Vitro Interna-
tional, Inc. and assigned IVI accession No. 10010.

6. A maize seed resulting from crossing C-28 with
another maize line.

7. A hybrid maize seed having an endogenous free
tryptophan content of at least about one-tenth milligram
per gram dry seed weight and capable of germinating
into a plant capable of producing seed having an endog-
enous free tryptophan content of at least about one-
tenth milligram per gram dry seed weight.

8. The hybrid mazie seed according to claim 7, hav-
ing an endogenous free tryptophan content of at least
about one milligram per gram dry seced weight and
capable of germinating into a plant capable of produc-
ing seed having an endogenous free tryptophan content
of at least about one milligram per gram dry seed
weight.

9. A tryptophan overproducing hybrid maize seed
capable of germinating into a plant capable of express-
ing a gene coding for an anthranilate synthase which
retains from about 60 to about 80 percent of its activity
in the presence of 5-methyitryptophan at a concentra-
tion of about 10—5 M, wherein the plant is capable of
transmitting the gene encoding the anthranilate syn-
thase to its progeny.

10. A tryptophan overproducing hybrid maize seed
having an embryo capable of producing in the presence
of 5-methyltryptophan at a concentration of 10—4 M
roots of at least about 60 percent of the length of roots
produced in the absence of 5-methyitryptophan, as mea-
sured after six days incubation, wherein the seed is capa-
ble of germinating into a plant capable of producing
seed having an embryo capable of producing in the
presence of S-methyltryptophan at a concentration of
10—4 M roots of at least about 60 percent of the length
of roots produced in the absence of 5-methyitrypto-
phan, as measured after six days incubation.

11. A maize plant capable of producing seed having
an endogenous free tryptophan content of at least about
one-tenth milligram per gram dry seed weight, wherein
the seed is capable of germinating into a plant capable of
producing seed having an endogenous free tryptophan
content of at least about one-tenth milligram per gram
dry seed weight. )

12. The maize plant according to claim 11, wherein
the plant is capable of producing seed having an endog-
enous free tryptophan content of at least about one
milligram per gram dry seed weight, wherein the seed is
capable of germinating into a plant capable of produc-
ing seed having an endogenous free tryptophan content
of at least about one milligram per gram dry seed
weight.

13. A tryptophan overproducing maize plant capable
of expressing a gene coding for an anthranilate synthase
which retains from about 60 to about 80 percent of its
activity in the presence of S-methyitryptophan at a
concentration of about 10=5 M, wherein the plant is
capable of transmitting the gene encoding the anthrani-
late synthase to its progeny.

14. A tryptophan overproducing maize plant capable
of producing seed having an embryo capable of produc-
ing in the presence of 5-methyltryptophan at a concen-
tration of 10—4 M roots of at least about 60 percent of
the length of roots produced in the absence of 5-methyl-

20

25

30

Seite 16

tryptophan, as measured after six days incubation,
wherein the seed is capable of germinating into a plant
capable of producing seed having an embryo capable of
producing in the presence of S-methyltryptophan at a
concentration of 10—4 M roots of at least about 60 per-
cent of the length of roots produced in the absence of
S-methylitryptophan, as measured after six days incuba-
tion.

15. A maize plant derived from seeds deposited with
In Vitro International, Inc. and as¢"ned IVI accession
No. 10010.

16. A maize plant having an average endogenous free
tryptophan content of at least about 0.04 milligrams per
gram fresh weight.

17. The maize plant according to claim 16, having an
average endogenous free tryptophan content of at Jeast
about one-tenth milligram per gram fresh weight.

18. A hybrid maize plant capable of producing seed
having an endogenous free tryptophan content of at
least about one-tenth milligram per gram dry seed
weight, wherein the seed is capable of germinating into
a plant capable of producing seed having an endoge-
nous free tryptophan content of at least about one-tenth
milligram per gram dry seed weight.

19. The hybrid maize plant according to claim 18,
wherein the plant is capable of producing seed having
an endogenous free tryptophan content of at least about
one milligram per gram dry seed weight, wherein the
seed is capable of germinating into a plant capable of
producing seed having an endogenous free tryptophan
content of at least sbout one milligram per gram dry
seed weight.

20. A tryptophan overproducing hybrid maize plant
capable of expressing a gene coding for an anthranilate
synthase which retains from about 60 to about 80 per-
cent of its activity in the presence of 5-méthyltrypto-
phan at a concentration of about 10—3 M, wherein the
plant is capable of transmitting the gene encoding the

. anthranilate synthase to its progeny.
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21. A tryptophan overproducing hybrid maize plant
capable of producing seed having an embryo capable of
producing in the presence of S-methyltryptophan at a
concentration of 10—4 M roots of at least about 60 per-
cent of the length of roots produced in the absence of
S-methyitryptophan, as measured after six days incuba-
tion, wherein the seed is capable of germinating into a
plant capable of producing seed having an embryo ca-
pable of producing in the presence of S-methyitrypto-
phan at a concentration of 10—4M roots of at least about
60 percent of the length of roots produced in the ab-
sence of S-methyltryptophan, as measured after six days
incubation.

22. A maize tissue culture capable of generating a
plant capable of producing seed having an endogenous
free tryptophan content of at least about one-tenth milli-
gram per gram dry seed weight, wherein the seed is
capable of germinating into a plant capable of produc-
ing seed having an endogenous free tryptophan content
of at least about one-tenth milligram per gram dry seed
weight.

23. The maize tissue culture according to claim 22,
wherein the plant is capable of producing seed having
an endogenous free tryptophan content of at least about
one milligram per gram dry seed weight, wherein the
seed is capable of germinating into a plant capable of
producing seed having an endogenous free tryptophan
content of at least about one milligram per gram dry
seed weight.
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